BACKGROUND: Intraoperative diagnosis of central nervous system (CNS) tumors provides critical guidance to surgeons in the determination of surgical resection margins and treatment. The techniques and preparations used for the intraoperative diagnosis of CNS tumors include frozen sectioning and cytologic methods (squash smear and touch imprint). Cytologic specimens, which do not have freezing artifacts, are important as an adjuvant tool to frozen sections. However, if the amount of submitted tissue samples is limited, then it is difficult to prepare both frozen sections and squash smears or touch imprint specimens from a single sample at the same time. Therefore, the objective of this study was to derive cells directly from filter paper on which tumor samples are placed. METHODS: The authors established the filter paperassisted cell transfer (FaCT) smear technique, in which tumor cells are transferred onto a glass slide directly from the filter paper sample spot after the biopsy is removed. RESULTS: Cell yields and diagnostic accuracy of the FaCT smears were assessed in 40 CNS tumors. FaCT smears had ample cell numbers and well preserved cell morphology sufficient for cytologic diagnosis, even if the submitted tissues were minimal. The overall diagnostic concordance rates between frozen sections and FaCT smears were 90% and 87.5%, respectively (no significant differences). When combining FaCT smears with frozen sections, the diagnostic concordance rate rose to 92.5%. CONCLUSIONS: The current results suggest that the FaCT smear technique is a simple and effective processing method that has significant value for intraoperative diagnosis of CNS tumors.
INTRODUCTION
In the diagnosis of central nervous system (CNS) tumors, the gold standard remains a histologic approach, even with the great advancements in radiologic and surgical techniques. 1 In particular, intraoperative diagnosis of CNS tumors plays an essential role in helping the surgeon decide on resection margins and treatment. 2, 3 The techniques for intraoperative diagnosis of CNS tumors include frozen sectioning, squash smear, and touch imprint. 4 Frozen sections have an advantage, in that they preserve the tissue structure better than cytologic specimens (ie, squash smears and touch imprints). However, frozen sections contain freezing artifacts like ice crystals because of the high proportions of water and lipid in brain tissue. Therefore, cytologic specimens, which do not have freezing artifacts, are important as an adjuvant diagnostic tool to frozen sections. Indeed, several investigators have reported increased accuracy of diagnosis by combined evaluation of frozen sections and cytologic specimens. 4, 5 A squash smear is prepared by placing a tiny tumor tissue biopsy on a slide and then crushing it with pressure from another slide to spread the tissue into a thin film. A touch imprint is made by stamping a fresh sample of tumor tissue on a glass slide. Both of these techniques require a relatively large amount of tissue. Therefore, if the amount of submitted tissue sample is limited, then it is difficult to prepare both frozen sections and a squash smear or touch imprint specimen from the same biopsy at the same time.
Recently, we considered how to obtain both frozen sections and a cytologic specimen from very small amounts of tumor tissue. We focused on the tumor cells that remain on the filter paper, which is used as the vessel for tissue samples. After preparing a sufficient sample of tissue for the frozen-section preparation, the filter paper is generally discarded; however, some tissue must remain in the sample spot. Hence, we conducted this study with the objective of establishing a filter paper-assisted cell transfer (FaCT) smear technique that allowed us to obtain both frozen sections and a cytologic smear (FaCT smear). In addition, we evaluated the diagnostic concordance rate between the final histodiagnosis on paraffin sections and the intraoperative diagnosis using frozen sections or FaCT smears.
MATERIALS AND METHODS

Patients and Samples
In this study, we enrolled 40 patients with CNS tumors who underwent surgical resection at the Higashiyamato Hospital between June 2010 and March 2016. During the study period, 54 samples from the 40 patients were referred for intraoperative diagnosis. The tissue samples obtained at the time of surgery were placed on hardened filter paper, moisturized with normal saline, and submitted to our laboratory.
Procedure for Preparing Frozen Sections and FaCT Smears
We gently removed tissue samples from the filter paper using forceps. The sample was placed into a disposable plastic mold (Cryomold; Sakura Fintek Japan, Tokyo, Japan), mounted with optimal cutting temperature (OCT) compound (Sakura Fintek Japan), and frozen in liquid nitrogen. Frozen sections were sliced at 5-mm thickness. Sections were fixed in equally mixed ethanol and diethyl ether, and stained with hematoxylin and eosin (H&E).
After removing the tissue, the filter paper was gently pressed against a coated glass slide; as a result, the tumor cells in the sample spot were transferred to the glass slide. These smear slides were then fixed in 95% ethanol and stained using a Papanicolaou (Pap) procedure. Frozen sections and cytologic smears were diagnosed according to the 2007 World Health Organization Classification of Tumours of the Central Nervous System. 6 The procedure for preparing
FaCT smears is illustrated in Figure 1 . After intraoperative diagnosis, the remaining frozen samples were fixed in 10% neutralized buffered formalin and embedded in paraffin, and 3-mm-thick sections were made. The filter paper with the sample spot was also processed for paraffin embedding and sectioning to observe the remaining of tumor cells on each filter paper. Finally, these paraffin sections were stained with H&E. 
Measurement of Sample Size
H&E-stained frozen sections were scanned and digitized using a BZ-X700 microscope (Keyence, Osaka, Japan) at 3 4 magnification. The minor axis, major axis, and area of the samples were analyzed using the measurement software programs Hybrid cell count and Macro cell count (Keyence).
Assessment of Diagnostic Accuracy
Diagnostic accuracy was evaluated between the final histology and the intraoperative frozen section or FaCT smear, and the diagnostic concordance rates were calculated.
RESULTS
Patient
In total, 40 patients, including 19 men and 21 women, were registered in this study. The patients ranged in age from 17 to 89 years (median age, 69.5 years). The final diagnoses of paraffin sections were as follows: 12 astrocytic tumors (5 diffuse astrocytomas, 4 anaplastic astrocytomas, and 3 glioblastomas), 1 oligodendroglioma, 1 pineocytoma, 14 meningiomas, 2 primary CNS lymphomas (PCNSLs), 1 craniopharyngioma, and 9 metastatic tumors.
Size of Tissue Sample
The minor axis, major axis, and area of 54 tissue samples ranged in size from 0.9 to 8.1 mm (median, 3.7 mm), 1.6 to 10.5 mm (median, 4.9 mm), and 0.07 to 42.3 mm 2 (median, 8.7 mm 2 ), respectively. Forty of the 54 samples (74.1%) had a minor axis <5 mm, and 10 (18.6%) had a minor axis <2 mm. These results indicated that tissue samples submitted for intraoperative diagnosis of CNS tumors were frequently very small.
Diagnostic Utility and Accuracy of the FaCT Smear
All FaCT smears had ample cell numbers and well preserved cell morphology, both of which were sufficient for cytologic diagnosis, even if the submitted tissue samples were very small. In addition, it was possible to obtain 3 or more FaCT smears per sample. To further support these findings, we confirmed the number of tumor cells present between the cellulose fibers in the filter paper after making the FaCT smear preparation (Figure 2) . Table 1 summarizes the diagnostic concordance between paraffin sections and frozen sections or FaCT smears. The overall concordance rates for frozen sections and FaCT smears were 90% and 87.5%, respectively. Diagnostic discordance of the FaCT smear was observed in 5 cases (3 astrocytic tumors, 1 meningioma, and 1 PCNSL). In the astrocytic tumors and meningioma, the diagnosis differed by 1 grade. The PCNSL was initially interpreted as glioblastoma. When we analyzed FaCT smears and frozen sections in combination, the concordance rate increased to 92.5%, and diagnostic discordance was noted in only 1 PCNSL. Figure 3 illustrates representative findings for paraffin sections, frozen sections, and FaCT smears.
DISCUSSION
There are benefits and limitations to the main modalities for intraoperative diagnosis, which is especially problematic when there is insufficient tissue to use multiple methods. Although frozen sections contain artifacts like ice crystals, they are advantageous because of the good preservation of tissue organization. Conversely, squash smears display precise cellular features better, but they require a relatively large amount of tissue and contain artifacts from crushing or overstretching cells. The touch-imprint method renders good morphologic details without any smearing artifacts but has poor cellularity, leading to decreased diagnostic accuracy.
Several reports have indicated that the frozen sectioning and squash smears require a sample with a minor axis of at least 1 to 2 mm. 1,7-9 Shah et al and Rao et al reported that cytodiagnosis using squash smears was impossible in Figure 2 . An H&E-stained paraffin section of the filter paper is shown after removing tissue sample. Note that several tumor cells are trapped within the cellulose fibers of the filter paper. 14.8% and 6.7% of cases, respectively, 5,10 although their data may have been based on insufficient amounts of tumor tissue in some cases. Considering the size of tissue samples necessary to obtain adequate frozen sections, it is easily conceivable that we need tissue with a minor axis of at least 5 mm when performing frozen sectioning and squash cytology on the same biopsy. In our study, 74.1% of samples had a minor axis <5 mm, and 18.6% had a minor axis <2 mm. Nevertheless, FaCT smears were sufficient for cytodiagnosis in all cases; and, in all of these cases, frozen sections were also obtained.
In addition, we confirmed the presence of tumor cells between the cellulose fibers in the filter paper. On the basis of this finding, it is clear that tumor cells are present within the filter paper tissue, and not just on the surface, likely because cells are trapped within the cellulose-fiber meshwork by capillarity, hydrophobic bonds, and van der Waals forces. However, because the adhesive strength of a coated glass slide is stronger than that of filter paper, tumor cells can be easily transferred to them. The coated glass slide has an enriched density of amino groups on the surface, resulting in a strong attachment of cells to the slide. However, it was necessary to be careful when the filter paper contained a large amount of water, because this can loosen the cellulose fibers, leading to their transfer to the slide as well. Therefore, we recommend the use of a hardened filter paper in which the cellulose-fiber meshwork does not readily detach. Conversely, the use of gauze instead of filter paper is not recommended, because gauze consists of a plain weave of cotton, and its meshwork is coarser than that of filter paper, leading to a decreased number of entrapped tumor cells.
We observed a concordance rate of 87.5% between final histodiagnosis and intraoperative cytodiagnosis using FaCT smears, which was almost the same level as intraoperative histodiagnosis using frozen sections (90%). Overall concordance rates for intraoperative diagnosis of CNS tumors ranged from 75.7% to 87% for frozen sections and from 83.7% to 94% for squash smears or touch imprints. 4, 5, 7, [10] [11] [12] [13] [14] Therefore, it is conceivable that the overall accuracy of intraoperative cytodiagnosis using FaCT smears was not inferior to that of squash smears or touch imprints. In the diagnosis of CNS tumors, it is very important to observe detailed cellular morphology, and Pap-stained cell smears are superior for observing nuclear chromatin and overlapping cells compared with H&E-stained tissue sections. Therefore, a combination of histology and cytology is effective in the intraoperative diagnosis of CNS tumors. 4, 15 In this study, when combining FaCT smears and frozen sections, the concordance rate was increased to 92.5%, and diagnostic discordance was noted in only 1 tumor, in which a PCNSL was misinterpreted as glioblastoma. In that tumor, bizarre, multinucleated or multilobed cells and angiocentric components were observed, making it difficult to discriminate morphologically. For discordant tumors, an immunocytochemical approach appears to be useful as an adjunctive tool for intraoperative diagnosis of CNS tumors. [16] [17] [18] [19] [20] [21] We have confirmed that FaCT smears can be immunostained for glial fibrillary acidic protein (GFAP), isocitrate dehydrogenase 1 (IDH1), Ki-67/MIB-1, CD20, and pan-cytokeratin (data not shown). Taken together, we believe that the results of combined FaCT smears and frozen sections are more reliable than either technique alone. However, the number of samples in our series was small; thus, a larger number of samples would be required to verify our results.
In conclusion, our current results suggest that the FaCT technique is a simple and effective processing method for the intraoperative diagnosis of CNS tumors and has significant diagnostic value.
FUNDING SUPPORT
No specific funding was disclosed.
